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ABSTRACT

The study of saturated prepolymers as propellant binder ingredients
was centered predominantly on partially (50-60%) saturated prepolymers, The
.partially saturated propellants showed a thresfold improvement of proparties
at =75%F. Tho type of crosslinker, CII, OTRO, or ILHT-240, did not affect the
properties in a major fashion, The study of the IHY-2L0 which improved tha
low temperature propertiss of partially saturated propellants made on an 3D
program is continuing, Because more emphasis was being placed qr partially
saturated prepolymers, the oxidative surface hardening of binders made with
saturated, partially saturated, and unsaturated prepolymers was investipatad,
The satura’.ed binders showed no surface hardesning after eight weeks at 80°3,
Initially, the partially saturated binder hardened more rapidly than the Uy
saturated one, but the difference decreased with time. After eight weeks the
unsaturated binder was hardening morse rapidly. Propsllant stability was

greatly improved bty a copper (II) additive and the feasibility of {sooyanutc »

oured propellants for very high temperature use was demonytrated,

The use of blockad isocyanates as cure agents for propellants with
advanced oxidizers was studied in model systems, Carbamates which dissociate
at 60°C to produce isocyanate were tested in the presence of oxidizers. Tin
oatalysts help and oxidizers inhibit the oure reactlon, Carbamates with dis-
sociation tempesratures of 30° to LO°C are deairable,
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THE DEVELOPMENT AND EVALUATION OF A HYDROCARBON BINDER
FOR HIGH LNERGY SOLID PROPELLANTS

I. INTRODUCTION

This i® the eighth Quarterly Ta:hnical Report submitted in partial
fulfillment of the requirements of Contraoct AF OL(611)-11L419. The report
covers the period 1l December 1967 through 13 March 1968,

II.  OBJECTIVE

The obJective of this program is to further develop and evaluats a
solid propellant Linder system specifically to meet Lhe most rigid demands of
advanoed high performance solid rocket motors, The molid propellant binder
system consists of an isocyanate-cured, hydrocarbon prepclymer developed and
evaluated under Contract AF 0L4(611)-10386, Further development and evaluation
will involve use of partially satursted prepolymerws, propellant optimization,
teating of curatives for room temperature oures, replacing CTI, attaining
hettar low temperature propertics, determining the uffact of burning rate’
modifiers, adaptation to an advanced oxidizer, and a study of anvironmental
stability,

IIT,  SUMMARY

A, The antioxldant content of prapolymers used for binder stability
studies was determined. The relatad Prepolymers 2L2AM-169, 3HPL-123, and
3HPL-125 had 0,1% antioxidant, while the related Prepolymers 2L2AM-175B and
3HPL-90 had 0.06 and 0.04%, reepaotively,

B. Mobay E-2L6 was separatsd into solid and liquid phasee by cooling,
While each phase had the same equivalent weight, the solid phase was higher
in moleoular welght snd functionality,

C.  PAPI wes almo fractionated by a 90 to 10 ratio of hexanes and
toluene, The soluble fraction was straw-colorsd and its infrared spectrum
vas aimiler to that of Ew2L6, :

D. A propellant prepared with a difunctional prepolymer obtained by
chromatographing PrOpol{mr 158H had the proparties, o, = 231 pai, ¢, = 7.LR,
und £ = 3620 pai, at 7T°F and o, = 966 pei, ¢, = 3.6%,"and B = 37300"ped at
~75°F. A valid comparison with propellants made with Prepolymer 158H was not
possible becauss of the very high modulus of the propellant made with the
difunctional prepolymar,

E. The unsaturated prepolymer, lot 2l:2AM-148A, the precursor of the
saturated prepolymer, 2L2AM-1)8AH, studied extensively at Aerojet and at Esso,
was hromatographed on silioa gel. The unsaturated prepolymer contained 30%




monof'unctional iraterial and no appreciable ncnfunctional material, This indi-
cataz that the moncfumationael nrenclymar ariginatas during the manifacture of

the unsaturated prepolymer and ’th;t—‘nonfunctioml material is formed during
the hydrogenation prozess.

F. Hoom temperature cures were obtained with Telagen S binder with
CTI and OTRO as crosalinkers, Mobay E~2u46 is a candidate orcsalinker for re-
placement of CTI. Propsllant crosslinked with Mobay's £-2u6 and containing a
curing syotem which ensures long potlife gave gocd mechanical properties at
77° and -7%°F, The cure systeam using curative developed on an JR&D program to
increass potlife has been demonstrated to be effeoctive with the hydrocaroon
prepolymers used on this program.

G. No improvemeat in mechanical propsrties was obtained when the
bonding agent S-1 was replaced by TEPAN in a propullant containing a partially
hydrogenated prepolymer, Increasing tha amount of C-1 from 0.1 to 0.3 wth
improved the low tempsrature properties of partially saturated hydrocarbon
propellant,

H, Propellant properties of the last three prepolymers received from
The General Tire and Rubber Company continus to substantiate the fact that the
low temperature proparties are a funotion of the degree of unsaturation of the
prepolyner, The polyether triol, IHT-2L0, was used in place of CTI in satu-
rated, and partially satureted hydroosrbon propsllants, but no improvement in
low temperature properties was observed, Further propellant changes are being
introducad to approach propellants similar to those prepared in an IR&D pro=-
tram and whioh showed very goou low tempsraturs propertise,

I. Studies of sffect of saturation on oxidative etability were con-
tinued into the eighth week. The surface hardening of partially saturated
and unsaturated binders was becoming more nearly alike. Although initially
the partially saturated ones hardansd more rapidly, the unsatwrated binders
now show a more rapid rate of surface hardening., Further studies have been
initiuted, and propsllant studies are in progress,

J. Stabilised propsllants were agad for 2 weeks at 180°F and 90%
relative humidity. A copper additive wes a promieing stabiliser. Hydrocarbon,
~ isccysnata-cured propellante were exposed to 350°F for 2 hours., The main effact
" was hardering, Propellants containing a oopper additive fared best in this
test. :These results are considered significant sinoce they indioate the feasi-

" bility of inooysnate-cured propellants for high tomperature use.

o K. L The bikecked iscoyanste, p-onlorophenyl N-phanylcarvamate, was
toated sy s'renchint for butanol in the prewence f advanced oxidisere, The
‘blocking agent, p-ohlorophenol, drope off at 6C"C and reaction of the butanol
with the isooyanate was noted, The study to determine the variables affecting

. ths reaction of blockod iscoyanatas was continuad with screening of a serlies
- of uohloro-substiiutad phenols and iriflucorosthianocl as blooking agents, 'The

effect of tin ouring catalyet on the reschions of blocked isooyunates waa

-~ investigated,. The adneiiwione ware rade that the teohni,ue is feasible and
that chrbamates whioch diswnoiate. st lower temperatures (30-L0°C) would be

" better beuauss *herw. ims soms inhibition of dissocciation by the oxidirer,

P
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L. A redirection of the propran has been made with two main objectives;
one, the rapid utilization of the current technology to produce and test a pro-~
pellunt aith wide temnurature vanpe of cporatdan and tue) the dovelepmont of
an energetic HAP propellant utilizing an lsocyanate curing system., This report
precedes Lhe rodirection effort and contains only a few of the results obtained

under the new plan,

v, TWCHNICAL DLSCUSSLION

A, TaBK ONE
1. Introduction

As a result of discussions with Mr, Robert Corley of the
tocket Propulnion Laboratory, a redirection of this task has been instituted.
The objuactives are to convert the technology developed by the program thus
far into a propesllant suitable for both tactical and ICBM motors, This in-
volves the use of partially saturated prepolymers to achieve adequate low
temperature properties and chemical stabilization of the propellant for high
temperature application, To further these objectives, Mr, E, Mastrolia was
asaigned direction of this task, The program he will implement as of Marsch 1
18 shown in detail in Fipure 1. The data reportud hars do not a3 yet include
resulta obtained under Mr, Mastrolia's directinn, but these will appear in
subsequent reports,

2. Characterization of Ingredienta

a, Antioxidant

The decision to utilize partially saturated prepolymera
to prepare propallants with low temperature propertiss adequate for tactical
motors, requires knowledge of the relative oxidative stability of unssturated,
partially saturated, and saturated prepolymers., The Prepolymcrs 2L2aM-169,
34PL-123, and 3HPL-125 are admirably suited for such & study since their degreocs
of saturation are 0, 60, and 93%, respectively, ard all have the same bacikbone
structure and same approximate molecular weight (see AFRPL-TR-68-5), Since
only their antioxidant contents ware in doubt, this was determined., The anti-
oxidant contents of a related palr of prepolymers, 2L2AM-)75B (0% seturated)
and 3HPL-Y0 (55% saturated) were also detarmined,

. The determination of Antioxidant 2246 involved compari=
son of the ultraviolet spectrum of the prepolymer in a basic solvent in the
region 275 to LOO my with that of a standard svlution of the antioxidant, The
band peak occurs at 320 my. The results of the analyses are given in Table I,
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Table I

ANTIOXIDANT CONTENT (F TELAGEN MEPOLIMERS

Prepolymer Saturation,¥ Anticxidant, Wt®
2l 2414269 0 0,10
3HPL 123 60 0.10

' IHPL-125 53 0.10

. 2l 2AM-1758 0 0.06
3HPL-90 55 0.04

b, Polyisocyanates
1) Mobay E-2L6

Mobay E-246, a polyfunotional arcmatio isocyanate
was Rlowly cooled down below its melting point to about 10°F, When the material
was allowed to return slowly to room temperature, solid and liquid phawes
appeared. After separation and analysis, the two phases gave approximately
the same equivalent weight by the dibutylamine method, The infrared spectra
(Figure 2) showed no major differences in the two phases, Moleowlar und
equivalant weights for E-2L6 as received and as ssparated, are shown i{n Table II.

Table II

MOLECULAR AWD ZQUIVALKENT WEIGHT OF TREATED AND
UNTREATED MOBAY E-246

Treated
Untreated B4 Liguid
Equivalent Wt, 236 1 13
MW, (VFO) 26 505 364
' Functicnality 2.69 3,86 2.7

: 2) Upjohn PAPI

Upjohn PAPI, & polyfunctional nromatic isocyanate,
18 a dark liquid with a VPO moleoular weight of L2 and squivalent weight of
139, The funotionality is 3,08, 9ince visual obsarvation showed that PPI
oontained ocediments, attempts were mads to separate the latter and obtain a

;
emadm—
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pure matarial, Fifty grams of PAPI vere extracted with 2 liters of a mixture

of hexane and tolueane in a 90 to 10 ralin. Aftar the mnlvante were evannraotaed
about 15 grams of straw colored praduct were obtainasd, Its equivalent weight
was 134, The VPG molecular weight was 324; functionality, 2.42. Figure 3 shows
the iufvared speulra of us reveived ana the exiracted portion of PAPI, Inter-
astingly, the spectrum of the purified PAPI matches that of E-246 (Figure 2).
The materials must be very similar,

¢, Sillica Gel Chromatography

1) Experimsntal

Fractionation of Prepolymer 1LBA by column chroma~
tography was psrformed to make a direclL comparison between the saturated and un-
saturated profiles, Prepolymer LLBAH, the saturated analeg of Prepolymer 1484
has already been fractionated at Aerojet and at Esso, :

Following the procadure used for Prepolymers 1L8AH,
158H, and 161LAHR, two grams of 1LB8A were fractionated by passing it through a
7/8 inoh diameter columm packed with 100 g of 100-200 mesh Si0,. Approximately
1 liter each of CC1l, and 2 litars of CH,Cl, were used to elute th: ‘prepolymer
from the column, ana wera Gollected in !O-ml fractions by an automatio fraction
?gllcotoﬂs The solvents were evaporated and an elution mrofile constructed
igure .

Unlike the previous prepolymaras fractionated, the
slution profile of 1LBA shows only 2 major psaks., The samples represonting
these peaks were combined to give ons eample for each major fraction, An
infraced spsctrum of each sample was obtained and by a semi-quantitative method,
functionel group content was determined, The first fraotion (approx, 30% of
the total) was monofunctional, and the sscond fraction (approx, 708 of the
total) was difunutional, Contrary to the results found for the previously
run prepolymers, there is no significant amount of non-functional materisl
in LiBA, Ssemingly, the non-functional fraction is & result of hydrogenation.
The monofunotional material is the result of the polymorizstion process,

These results may lndicate that mono-functional content is a characteristioc
of the availablo anionicaly derived prepolymers., This characteristic is riot
an inherent ones, i.e,, with rigorous control of provessing methods, a signifi-
canb reduction in the amount of monofunctional matarial might be affected.
Also, while these results were obtained for a hydroxy-terminated prepolymer,
a gimilar high monofunctional content may bs present in carboxy-terminatad
prepolymara, The limitations of this study do not allow an estimate of the
monofunvtional oontent of prepolymers made by free-radical polymers, There
is, however, little reason for optimism on this point because the gensitivity
of free-radiocal polymerirations to trsce impurities and to chain-tranefer
reaotiona is well known,

These shortcomings ars reasons for constant,
intelligent surveillance of these materiale and for helpful discussions with
uanufaoturers to facilitate progress towards improvement of materials. Him-
torioally, stoady progress to improved propellant ingredients has followed
the dunand for such ingredientu,

-9-
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2)  Preparative
A ohromatographic column, 95 cm long and 10 cm

diemeter, was filled to a dapth of 45 cm with 2.5 1b of silica gel (Baker

reagent grade powder for chromatography) with chloroform as thas liquid phase,
A solution of SO grams of prepolymer (158H) in 50 grams of warm ocarbon tetru-
chloride was added slowly to the top of the column, After the addition of the
prepolymer solution was complste, development of the column was made with _
chloroform at a rate of ons liter per hour. The difunctional prepolymer began
tc elute from the column after 6 to 6,5 liters of solvent had been collected
and elution was completed after 9,5 liters had heen collected, An unidentified
carbonyl containing compound was eluted in the small amount of materials col-
lected beyond 9.5 liters, The total yleld of difunntional prepolymer from 1l
runs wvas 83 grams,

The functionalities of the fractions were dater-
mined from the ratios of intensities of the hydroxyl band (3330 cm=!) to those
of the CH bande at 1460°! and 1380 om=!, Prepolymer 158H with a funotionality
of 1,68 was the standard from which the expscted relative intensities for a
given functionality of the fractions were determined (Table III),

RELATION OF REIATIVE INTENSITIES OF INFRARED BANDS
TO MONO-~ AND DI-FUNCTIONALITY FOR PREPOLYMERS 1S8R

Expscted Relative Intensities

Funotionality 3330/1460 0/1380
1 : 0,212 | 0.Lh6
2 0.428 0.89%

The CH band at 2940 on”’ could also have been used for this determination, but
it 1s s0 intense relative to the CH band that two eolutions of propsr concen-
tration would have been required for the Perkin-Elmer laboratory instrument

used for this study. By this method the functionality of the weparated material

wad 1.93 and its infraved speotrum ie shown in Fipure 5,

The difunotional prepolymer which was separated
was used for propellant atudies, but buwoause of ¢the small amount of available
material, no binders wers made. A 100-g batch of propellant (88 wt® =solids,
3% IDP).was made with the material using an HDI to CTI ratioc of 3,0. The
propsrties of this propellant at ambient temperature were ¢, = 15k psi, ¢ =
15%, and B = 1LLY psi, Based upon these results, another 160-3 batch was made
at an HDI to CTI ratio of 5.0, but the propellant did not ocure,

The remai polymer was then used to prepare a
40O-g batoh at an HDI to CTI ratio of 3.5. For unknown reasons the modulus of
thie propsllant was very high, The properties were o, 231 psij ¢, 7.u¥; and
B, 3620 pei at T7°F and o,, 966 paij ¢, 3.6%; and E, 37300 psi at ~75°F,

2)2w
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Jhether difunctional prapolymer would resulb in good low lempér.ture proparties
is not adequately anawered hy this expariment, A prorellant macae from conven-
tional Prepolymer 158H with a modulus of about 3600 will ba teated at -75°F and
e resuliting dGata mAy AlloW & significant comparison for determining vha effect
of funotionality on low temperature propertius,

3. Low “wineralure Binder Properties

Whi.¢ experiments were made to assess oure capability at room
temperature, the off ct of primary hydroxy groups, unaaturation, and replace-
ment of CTI by GTRO on the low tempsrature properties of binders was also
1nv;at.1¢niocl. The composition and mechanical behavior of the binders are glven
1n ‘.bh 'V. '

Tiw following conoluamions were drawn from the data in Table
Iv,

8., Saturated, primary hydroxy terminated prepolymars produce
binders which have poor low temperature propartiee,

be The replacement of CTI by GTRO does not improva the low
temperaturs behavior of saturated and partially saturated binders and may even
make the low temperature propsrties worse,

s As has been indicated by previows experiments, partially
saturated binders have better low temperature properties than saturated oms
regardleas of whether CTI or QTRO is used as the orosslinker,

Mechanical properties of binders rade with SHPL-0 (55% satu-
rated, seocndary OH) and 2L7AN-268H (saturated, primary CH) crosslinked with
CTI and QTRO followed the usual pattern, The binders (Table Ig) made with

24 2AN-1600 (Binder 262), orosslinked with OTI and tested at ~LO°F gave an
initial modulus of 680 psi oompared to 110 pai for a binder made with HPL.50
(Binder 270). 8imilar binders orcsslinked with OTRO with Prepolymer 2L2AM-166H
gave an initial modulus at -UQ*F of 808 pai (Binder 26¢) camparod to 88 psi for
Prepolymer IHPL=90 (Binder 274).

Room temperature cures were obtained »dth both saturated and
partially unsaturated prepolymers. The hinders with the saturated pregpolymer,
242AN-168H, which containe primary hydroxyl groups, were oured with CTI or
OGTRO as a orovslinker at 77°F within six duys, Binders from the partially
wneaturatad prepolymer, 3HPL-90, with secondary hydroxyl groups oured with CTI
at & slower rate (compare Binders 262 and 270, Table rvg than the binders made
with the primary hydroxy-terminated Prepolymer 242AM=168H. Bindere 270 and 271
with 3HPL=90, orosslinked with CTI were ton soft to tuke pesnotration readings
after 6 days at 77°F, but gave good ponetration readings within 12 days, An
adequate oure was also obtained in 6 daye with 3HPL-50, orosslinked with CTI
by increaming the FeAA conoentration from 0,0104 to ,0025 wtf (ocompare pane-
tration reedings for Binders 272 and 273 with those fo» 270 and 271 in Tabla
IV). Binders oroselinked with OTRO and containing 3HPL-90 (27L to 277) were
tvo soft to parmit penetration readings after six days at 77*°F, This was
expsuted since OTRO contuins highly hindered secondary hydroxyl groups.
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COMPGSIT LOW® AND PROPERTIES OF TEILACGEN 8 BI

Table_ IV

Extent of Cure

Feretration ', w—-rwﬂ}‘éil
Reading at 15 sec E -
Raference Gross- Days at v Tenmp o
No, Prepolymar  linker HDL/CTE 3 17 _OF . poi .
262 24, 2AM-168H or1 4,00 898 .07 . T 21 0.0
, - T A0 680 -2
263 . 2U2aM-168H ' CTI 3,75 S .8%8 - s 7T 29 0,183
264 W2AM-16BH  CTL 3,50 - JB%0 916 77 " A8 Q.27
265 24 2AM-168H ¢TI 3.00 08 LeW T 39 0.26h . O 3
. , L ST e 686 3,00 - 6.8
266 2L 2AM-168H GTRO b.00° 888 . 903 77 1 0019 00l
_ S 40 808 . 1.9
267  2,2AM-168H  OTRO  3.75°  .898 907 11 .19 0,095
268 L2AM-1604  OTRO © 3.50° 900 - .09 77 A 001
, : , T | 40 S50 2.50
29", 242AM-168H  GTRO 3,000 - 887 . .8%0 77 15 0,038
276 3HPL-%0 C11 oo 0 a0 T 1 0031 LY
: ' . S Y ~k0 10 020 V. 7e
2711 3HPLe90 oor 3,7 & B98 0 Y7 - 16 0,6 0.1}
: | _ 40 110 2,48 0.9
272 3HPL=90 ~CTI 3.50 - 893 897 77 13 0.0uS 0,148
: - . <40 B 035 e,
27 _ JHPL-90 %31 3.00 916 0T T w0 0. 2,188
SO , ~lo 93 0.82 0,648
7l IHPL-90 utRO . oot 2 beo 17 8 o0.01 0.0l
- , ' : U6 58 - ¢,180 0.9
215 IHPL-90 GTRO as® S sy 77 9 0,005  0.08
_ | o Lo 935 0,28 0,748
276 SHPLSV GTRO 3.50° - &° .985 77 13 0.029 . 0.0%
Lo 82 0,2 0.6
o HPL-50 QTRO 3.00°  ° A8Y 77 13 0,033 0.1
U0 110 0.37 0.6

£)11 binders have an NOO/OH ratio of 1,00 and 25§ IDP, Jinders 262 througn 271 contained 0,08
- “Prepolymer t> GTRO retio. '
. o0 soft vo take Treadings. 15
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!(BITI(N‘ AND PROPERTIRS OF TELAGEN S BINDERS CURMH AT 77°F

; : mohnnicnl Properties Ratio of

~ Mooney-Riviin Crosslink Dansity 10" Maoh, Prop.
‘x 8, - R Je 3 3 . L8 to 7777
Yemp  “o. : " 2 QGa? Gei o Compreassion T %"
Or, . pei Xg/Cm Ker/Om Fraction Fraction . _Modulus 1 o
717 21 0,09 0,152 042 0.50 0.94 0.70 21 2l
) 40 bgo 2 12
[ A7 M 29 0,3 0,17¢ 062 1,20 1,8 1.5 21 22
b0 623 3.7 5.5 .
96 T 38 0.1 0,260 077 1.80 2.1 1.09 11 15
I N L I B.05 '
ST n i? 0,204 0,198 L7 1o 2,64 1.05 1 17
ot - -hc (_).J 3.0 6-6 .
WH03 1T 1Y 0,015 o.13h - 037 0.40 0.79 0,66 24 43
ST 1T 19 0,095 04128 JOu3 0,50 0.95. R 26 ko
o -ho 768 2,50 10,6 '
y. W50 17T A 0,100 0,48 oOht: 0.50 1,00 0.61 25 28
t , "-hu3~; 8¢ 2,50 9.0 ' :
CWA%C 1T 18 0,008 0,113 Lnh2 0.%0 n.38 C.Sl n 51
A% M 21 0 1,08 026 0.20 0.37 N 1 1
] N . ". '-&0 :i.l“‘ 0,'20 .. 0072 ) o ’ -
E A M 16 0.6 0,114 .032 0,30 0.8k 053 .S 7
SR 40 W 2,95 0,50 . B ,
- 8907 & 13 0.0 0,10 028 0.20 0.L5 0.3 N
g . 0 88 0.8 0.64 , - |
{ S M A 0104 0,18 L6 0.64 1.0 0.7k 5. i
_ : 40 93  0.52 0.60 ' . .
" B0 7 8 o,01 0.062 - - 0,100 - 18 un
a 4o 88 o.1f0  0.75 L o
65 1 9 0,015 0.059 - - 0.1% -0 1 10
Y 93 0.2§ 0.73
885 17 13 0.029 0,090 ,028 0.25 0,29 0,36 9 6
40 82 0.25 0.62 , ‘
.888 T 1) 0,033 0,104 - - 0,33 - - 8 n
40 10 0.37 0.69

#P. Binders 262 through 271 contained 0,010L% FeAA; the rest had 0,0625%,
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A more sensitive hardness test to determine when binders have
reached & staady state of cure was rvaluated. A thickness gsge, consisting of
a 3-0z weight on top of a deflsction (,001") gage, attached to a small rod with
a disc at the bottom waz used to get penetration readings from the binder samples,
Aftor the 2.on WELght vii thie samuple had Lwen released ior 1y sec, a raading was
recorded, After these readings became constant for several days, the sample was
considerel! curad,

The results indicata that a partially saturated prepolymer
simjlar to 3JHPL-20 but with primary hydrcxy groups would be desireble for room
temperature cures. The crosslink densities obtained from the C v» 86l fraction
and compression modulus indicate that Prepolymer 242AM-168H givu a higher
degree of crosslinking than doas 3HFL-30 with CII or GTRO, This oould be ex-
plained by the faot that 168H has & practical functionality of 1,96 cémpared
to 1.90 for 3HPL-5C. The processing properties of propeliant with 88% solidn
gt room iemperature would also be improved il the grepolymar having primary
hydroxyl bad & lower viscosity, similar to that of 3HPL-90.

4. Jow Temparature Propellant Properties

Ora pound batches of propellants containing Prepolymers
2u2aM-169, HPL-123, and 3HPL-125 were prepared with CTI and HDI for evaluation
of low temperature properties, Batches 10F-4881, 4,882 and 4883 (Table V) had

 machenical properties that followed the same basic pattarn of previous pree-

polymers. Batch 1GP-L681 with 3HPL-125 (93% saturated) had an initial modulus
at ~75°F of 41,500 psi, compared to 15,900 psi for Prepolymer 2HPL=123 with
A0% saturation, Although the prope‘llmta were crosslinked with CTI, previous
results indicate that the low temperature properties are indepondent of the
type of creeslinker and depend mainly on the degree of unsaturation,

Propellant vatchas containing Prepolymer 3HPL-90 (SL§ satu-
rated) linked with Mohay E-2u6 (Batches 6, 7, 5416) gave good machanical pro-
pertizd at both 7/® and -75°F, The propellantrs ware ocured by a method which
anaurea long potlife, Ths method developed by Dr, Oberth on an IR&D program
consista of the incorporation of a ocuring aid in the propeilant syctem with an
excesa of isoayanate, These propellants were designed xo that the FeAd-
cabalyend hydroxyl-isooyanata reaction is essentially oompleted bafore orass-
liaking occcurs, These particular propallant formulations contained an NCO/CH
rquivalents ratio of 1,25, Tha initial modulus of this system is acoeptable,

“tut cowld be lowered by inoreasing tha HDI to B-246 ratic or by decrsasing the

totnl aguivelents of isccyaiate, These results indicate that Mobsy E-2ub 18 a
goon\ cn.ndiaato for the replacement of CTI,

Propallante prepared for an Mrojet-ccmr&l IR4D program snd

" -containing a partially saturated prapolymer and the orosslinker IHT-2l;,0 have

shown =75°F elongationa of 30% or more, This orosslinkar, tecause it is a
polysther triol (molacular weight 750), was not usad with hydrovarben prepoly-
mers on this prograr, Tebls VI showe the ambient and low temperaturv properties
of propellants made with this crosslinker, The LHT-2L0 meplaced the CTT to
maintain the crosslink density covistart ond the HDI wae adjurted to maintein

the NCO to (H ratio at 1,02,
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The properties do nut Lndicate a nignificant advantage for
the UIT-240, However, since the propellant proparties cbtsinsd or the IR&D
rpcovam hava haan nanaistantly onnd . furthae uark in thin araa {m nacamary.
The fornulations developed by the IPAD group differ from those given here by
using TPI instead of HDI and 35§ diootyl sebacata instead of 25% IDP, !

S

The original saturated hydrooarbon prepellant developed on
this program included diethanolwnine (DEA) as a bonding agent, but the uea of
thin material was later abandorwd becuuss it was shown to inorease the propel-
lant crosslink density. While tasts of other bonding agents wers made, G-l
has remainad the fxvored cnej the work to date hes been madnly with V.1 wtg of .
this bonding agent, Teble VII indicates the effect of inocreased oonocentratians
o the C-1 bonding agent on the propallant proparties at -75°F,

TSl e A . Sa L D

Table VIT

KIFECT OF O-1 ON MECHANIOAL FROPERTIES CF
- FARTIALLY SATURATRD TELAJEN PROPELLANTS®

o ——

Haxdness '

Referencs ¢ 8 Tap A & 8 o .
e W ThEE 0 s om &L om N
9 10 nY 66 m 19 17 L %0 616 2l

-7 704 692 9 1 W,
18 +20 62 65 120 10 37 L2 61 22

7"
78 1 OMy 9 10 13,8

19 SO 70 58 77 27 65 W 21 m A
: <7 T M9 1 12,778

%113 propellsnts contain 888 solids, Prapclymer MPL-90, 3 wb§ IDP, KAA, FeAd,
a NOO/"H ratio of 1,02 and wers oured 7 days at 1)5°F,

The low seunperature mechanioal properties shev in improvemnent
with ir veased smountas of Gel, The risulta are somewhat ambiguous beoause the
prepellant with the best low temperatire propirtiss aleo showed the lowest
anblant temperature moduluw and tensile etrength. These results, however, will
be ucad in guiding the formulation »f fubure propellunts. If propellants stable
at temperatures above 150°T ave deaired, the bonding sgant, N-1, will huve to
be replased a: it decomposes at high temperetura, Donding agente suitable for
uM at high tamperature are availasls,

Data in Table V for propeilunt batoics 10P-4Y2CR and LP2IR
indiocte that no improvement in mechanicel propartine at low temparaturs was
attained when C.l was replaced with TEPAN, The bonding ageant, TEVAN, has an
equivaliant weight of 170,

T
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He  LBifect of Prepolymer Saturation on Bindar Aging

Apdnge studies huve boen made to determine the ertact of
oxldativa crouslinking on binders prepared from prepolymers with varioun degrees
of wnastvuration, The samples wera agad at AN°C in a eireuiating a‘r atmosphers
along with ocontrol sample. sealed in ampulas having an argon atmospherse. The
saplas ware studiad by a micro-swelling techalsue to determine the extent of
nmxldative effacts, The results are piven in Table V1II and Figpure 6,

Thin sections were microtomed perpandicular to the surface
and swollen, The aumples which hardened at the surface swelled very little at
the aurfece and more as tha distance from the nurface increaged, The hardenec
surfaos hacame howed and sonstrained the swelling of binder adjacent to i+,
Uiiler polarizaed lipht the haradured surfacse was birefrinpent and the depth of
lhe hurdehed portion could he caclly nmeasured,

The surfece of all bindars (except Binder 245) hardened after .
L, weeks storage at 80°C in air, Bindar 245 contmining 3HPL-129 (93% saturation)
wis the only binder whose surface could be swelled with tolusna after L weeks
in air at 80°C, Samples atorsad in argon sxhibited rio change in surface hardnass,
The extent of tho increase in the hard surface ceused by oxidative orosaslinking
of the double bonds ia ohown in Figure 6,

The initial data indiocated that aurfece hardening may be more
rapid in the partinlly saturuted binders., Because theres may he saveral expla-
nations (lose of antioxicdant effe~tivaness cn hydrogenation, affeot of traces
of hydropanativn catulyets), the ~f{eot was examined more olosuly,

Aftar eiprht wecks, sumples indicuted thav surface hardaning
oi binders with unsaturation (Table VIII and Figure &) was continuing, but that
the dif{erences in degree of hardening between the samples denrwased, The '
unsaturated prepolymar was hardening at the fastost rate, The binder prepared
with the ssturated prapolymer showsd no surfave hardering,

A naw ant of binders for aging sludies was preparsd with two
sota of unaaturated prapolymers and partially saturated prepolymars oblained by
the hydrogenution of the unsulurated caes, %hus, the data will be more mean=
ingful by comparing prepnlymars from ti..e ssme polymsrisatien (17.B, 0% satu-
rated, with 3HPL-%0, Shs uuturated, and 2L2AK-169, Osi waturated, with 3HPL-123,
6UA maturated), Tha regults of ~na week aping (sae Table VILI) essentially
dupliomte the resulls fuund 4in tha Tirai experiment,

The daba obtuined are extremely oritizal besause they will
ueolde whie Lhar partially ssturated prepolynars have an udvant.pe over unsatue
rated prapolymera with resyact tn oxidative oroselinking, The msamples under
atudy at thle time Lojether with atudies of prapolymers with nominally 708
saturation; which are aleso plannsd, should give a batter anawer to thie question,

h, Aging Stabillty
u, High Pelative ihudddiiy, 180°¥

Uoth parvlally umd complataly saturated prwpolymers were
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Ref.

No, Prevalymar

Table VIII |

SWELLING OF AGED TELAGEN AND

Swe]lingo by

TInitial Values

T 7T 7T Week

240R  3HPL~90
24IR  3HPL-90
242R  3HFL-50
2us 3HPL-125
250 3HPL-123
252 21 2AM=-1569
253 242AM-169
25k 242AM-169
257 3HPL-90
260 3HPL-99
288 2HPL-90
209 3HPL-123
250 24 2AM-169
291 178

M3inders have NCO to OH equivalents ratio of 1, 258 IDP, and ,0312% FeAa,
b! ohangs in length after swelling in toluanse, 100
:zhon valus not given there was a tard Lritile suriace

* DI/PAPL
Prepolymer QTRO,

3 HDI/  Bur- Sub- Carie
Sat, CT1 fuce surface ter
Sh  3.75
sk 3.50
54 3,00
9 3,50
60 3.00
0 3.7
0 3.50
0 3,00
sk 2,008
sy 3.00°
sS4 2,00 i -
60 3,00 102 -
0 3,00 108 -
0 3.00 128 -

1k

Sur--c St m Con-
face” surface ter

- - 119
- - 11
- 108 108
103 - -

113 113 97
- 77 90

74 78 8¢9
98 98 98

- 89 105
- 104 1
- a7 107
- 100 9
- 98 7
- 88 116

‘L= 1 )/
lignr‘]

They ware ou

whioh did »ot nwel),



Table VIII

" AGED TELAGEN AND TELAGEN S BINDERS

|
v

Swelling” by Toluena After Storage at BO°C

k = gi':;eeka L, Weaks 8 Woeks I{nwi:%‘s_

e e rwe tor  funs® owlace e fase’ sufece ver  fape sar

S UR - 98 - 79 107 - 91 107 92 121

f m - 90 99 - 95 101 - 82 95 8L 16

o - - - B9 99 - B, 8 102 11§

f - 1 232 117 120 113 100 15 ns 118 120 108
o9 - 8 92 - o %5 - % 99 122 m1 ;
} %0 - 8 %0 - 1 - 8 8 1§ 150

| 89 - 18 95 - 65 88 - 67 8 18 10

% - B 0 - 8 & - 12 & 1 12

T 05 - 17 123 - 15 18 - 108 k. . ;
b 1 - 98 116 - 67 122 - 88 118 102 120

o | | g
k 9% T | |
o . !
% 116 ?

ﬁA. They wers ourwd at 135°F for 7 days.,

i not swell,
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P U

used to prepare propellants ocontaining etubilizers., The sataretad jrepolymer
based propsllunts mhowed good stability at 1LH0™F exXcept wnoa exoapuionaily
high relative humidities (25 to BOJ) ware encounterad, Thene relative humidi-

stable under actusl moiat anvironmants,

Table 1X shows the ambiant temperature machaniocal properties
of stabilised, aged propellantr made wi%h a partially saturated prepolymer,
Copper (II) ahowed promiss as a wtabilimer for these propellants. Table X
glves the same type of dats for a saturated hydrooarbon propellant. Again,
coppar (II) was good although oxidative orosslinking is not a problem for
thase propellants,

The prupellants wera in the form of Instron bars and atorsd
at 50% relative humidity at 180°F, The storage time was short Zor this
sorsening test, but the best atabilimors will be umsed for longar tsste,

b, 3so°r

Exploratory testing of hydrooarbon, iscuyanate.oursd
propellants was dona to determine sbability atb 350°F, Dr, A. E, Oberth and
other Aernjed woriers on an INWD program have done erperiments whioh indicate
that stability at 3SO'F is attainable with iscoyanave-oured propsllants, Un-
saturated and purtially saturated gunmvurl wore udod in the propellanta
vhioh were placed in an oven at ISO°F for a ¢ hour period, No speoial oxidimer
wap used for these tests, The sample was an Instron bar, The reaults are
shown in Tanle XI,

The geresal behavior nf the propsllants wvag to harden,
nary S0 the point of brittlenses, This wao nob entirely erpeoted since
wethanes reportadly desnmpose at high temparature. The decomposition of the
urethane was not & problem, The oopper (II) atabilised propellants looked
the bast when axaminad visually after aging, Thim is indicated adev Wy the
data in Table XI., ALl samples showed signa of swe'ling, although in some
oases only very slightly, The swelling oould arite from degomposition of
NN,010,, evaporasiun of IDP, ar decompesition of tne Ca1,

While these -oxpori.mn\a wors only initial attempts, they
were ancouraging, The data will ke used fur plavning future expsriments in
high temparature stauilisation,

B, TABK TWU
1.  Ipirodygdien

. Disoussions with Mr, Uorley of the Rooket h-o:ullto(\ laboratory
resulted in ochanges in the objectives of Task Two, The ourrent objettives are

the developmnt of an energetio iocoyaate-cured HAP propellant by two approaches,
One approuch involves the use of blooked iucoyanates as ouring agents and the
ather, the use of low welbing, avlid iuncyunates, This task will be directed
3 Ay Jo DL Milo. The program suhsdule is shown in Figurs 1, 8oms work with

P (dom before the above discuswlona) is reported,
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2. Appromch
Tha atudias af tha aempatihility of advanned fuels and oxi-
dirers with binder components were limited to the study of HAP and iscoyanate-

cured prepolymsra, The prepolymers were limited to primary hydroxy-terminatud
ones since HAP causes dehydration of secondary hydroxyl-groups. Fecausa ino-

‘ayanate reacts rapidiy with secondary alachols and even faster with primary

aloohols (in the presence of HAP) the ratn of reaction must be deorassed to
allot sufficient pot 1ife for propellant prepuration, At presant two posaible
mathods for inoreasing pot life are beiny investipated, (a) the une nf low
meiting iscoyanatas and (b) blocked isooyanates, which after propellant mixing,
casting and heating to a suitable tsmperature, will react with the prepolymer
for the oure movess. The blooked iscoyanites undar curretit investigation
diesooiate ta sufficdent degree at about 60°0 with or without .. cutalyst,

Development of a curing system for sdvanced oxidizers has heen
mainly oentered on a wethane arosslink, because isooyanates are relatively
free of side reaotions in the presence of oxidisera. Tho main prohlem has bae
conuerned vita decreasing the rate of reaction between the alcchol and isooyanate
to & point whare a reasonable pot life 1s attained in the presence of tho oxi-
diseres. The rete nf reaction has been reduced through the use of a low melting
12Md isooyanate, Catvinate 135N, With thio isooyanate, curing is acocmplisted
at & temperatire above the melting point of tha #olid Lswuyanats, Another

“technique for sbtaining a elow cure i the slov release of ome of ths reactants

from an insotive fore, Thie technique 4s preferuble to the usa of low melting
aollds materials since the reastant is introduced into the reaction medium at

& cdontrollable rate. Resent atudies have been concernsd with bleocked Lsocyanates
whioh undergo tharmal dissociation,

Nodel sbudies were made with phenyl isooveanate blocked with

p-~chlorephenol and itu reaction with pe-butyl alochol in the prewencd of various

oxidisers and s catalywt, T=20(tin-sulfur compound). After 18 hours at 23°C,
the reaction wes t00 61w t0 maasure unless the oatalyst T-20 was presens,

At 80°0 the reaotion 4in the prevence of KDP vas t0o fast and convideravls
decomposition of the oxidiwer was observed, The initia) studies (Table XLI)
indioated tha' HDP may be a ocatalyst for the dissosiation of the nlooked isoe
oyanate and that V=20 alec was effeotive in thin regard, An inorease in temper-
ature from 2)°C Lo 60°0 also hed a proncunced effect on the disscoiation of the
blooked wrethans, The formation of n-butyl N~phenyloarbamate, even though at

& vary slow rate, indioated that the blooked urethana is potentially useful as
& nourow of isouyanate for the urethane cure syston for advinced oxidisers,

The study vas oontdnued to find more aotive blocking groups
and the effent of addad natalyste., Nodel studies were made of Llcoked phenyl
isooyanate and its reaodion with n.amyl aloohol. The Lloaking me‘ investi-
gated were 2,2,2-trifluorocethancl, L-ohloro=, 2,4«dichloro-, 2,li,6<ti4chlaro,
and 2-ohloro-U-nitrophencl. The catalyets investigated wers T-20, a wulfur
oontaining tin ocompuund, and bis=(tri-n-buiyltin)oxida (TBTO).

[ W URUTR S P Y




Table X1I

LAt IT R

: THE REAGTLON OF p-QILOROPHENYL N-IMENYLCARBAMATE WLTH
] n.A"TANOL IN THE _PRESENCK OF VARIOUS OXIDIZERS AND
: WITH T-20" AT 23 and GO"C.FOR 17 MIS =

ri-Butyl N-Phenyl-
Tamp oarbamate,

Oxidiser °g Catalyst § formed
AP 23 T.20 5
HAPY 2) T-20 7

) HOP 2 Tedl 13
AP én nane 2
NAP én nom 1
HOP 60 none 28
nome 60 T2 10
AP 60 T<20 1)
HAP 60 120 9
HDP 60 T.20 26

;Ttn-tuuur eompound,
HAP wae impure NOB material,

The catalyst studiea (Tadble XIII) indicated that T«20 at
0.5% by waight of crgm:o componants was a dlightly batter ocatalyst for the
dissociavion of 2,L,0«trichlorophenyl Nepahryloarbamate than bise(tri-n-
butyltin)oxide, ivtdontl.y, the presencs of HAP either reduwoed the effectivee«
naes of the outalyst or hindered the desired reaction 4in some other nanmwe,

Larger umounts of oatalyst (T«20) inoreassd the amount of
reaction onl." alightly, Lbut not proportionate to the forty fold invreass of
uatalyst (Table XIV). Apparently thermal dissooiation of the blooked urethanns
was {nhibited by the prosence of NAP (Table XII).

A comparison of the blooked isocoyanstes (Table XV1) showsd
that the 2,4-diohloro-, d=chloro-L.nitro~, and 2,i,6-trionlorophenyl deriva-
Liven iwaut more readily than the 2,2,2.triflucroethyl or the Le<chloropheny)
dapivutive, Sinoe the initial studien did not indicate any great differences
in the degree of reactivity batwesn the di~ and tri-subatituted Khmyl. deriva-
timea, di and tri-functional i{mooyanates will be bloaked with 2,4,6-triohloro-
phmoi bacause of Ltm lowar oost,
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Table XIII

GATATYTTO ACTTUITY OF T-20 AND TRTQ TN THR RRACTION R

2,4,6-TRIGRLOROPHENYL N-PHENYLCARBAMATE WITH n-AMYL ATOGHOL

IN EENZENE AT 60°C®
n-Amyl Aloohel

Catalyst Oxidizer Z remaining after 2L hr
T=20 nota 4,7
T-20 HAP 81,4
TBTO nons 23.6
TBTO HAR 65.0

*Reactents oconc., 0,5M; 0.5% ocatalysty and 20% HAP,
whan used,

Table XIV

EFFECT OF T-20 CONCENTRATION ON THE REACTION OF
2,u~DICHLOROPHENY L N-PHENYLCARBAMATE WITH n-AMYL
ALCOHOL IN BENZENE IN THE PRESENUE @ HAP AT 60°C

T-20 " ne=Amyl Aloahol

3 £ remaining after 1 hr
0.5 91
39 , 8o

20,0 n

*Reactants cono,, 0.5M; 208 HAP,

feasibvility,

The work to date with bloocked isocyanates has led to the

following oonolusions,

b,

o.

Wrile much remains to be learned (for exampls, what,

happens to the eliminated blnok ir a propellant system?), the method has

Since HAP has an inhibiting effeot on the dissooiation

of oarbamates, more active blooking agents (disscoiation at lower temperatures,
velow i0°C) are desirable,

oomuinations of e 'sily dissociated carbamatas and iso~

oyanates may work better tian the curbunates alone,
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HEAGT Lol OF VTNV ANUOVANATY DIOOEED LIITH YAk 1nls {
COMPOUNDG WLTH u=AMYL ALCGOHOL AT 00U LN BENZENS l
k
Tinm, n-Amyl Alaohol . f
___ Blouied Group Untalynt Uxidizer L ours K remaining
l-Ur.Llarophanal nnoe none 18 ) 7 - ’
nonw HAP 18 N |
nohe nona Al : % _ . L
none HAD Pl 9% "l
Tap() HINg 18 90) ' '
2,i=biohlorophenol none none ol 3l L
1'a20 none 68 5 i
nons KRAP 68 90
T.20 HAP 68 51 !
2,4,6«Trichlorophanol nons none 68 (£
Tw20 none 68 18 h
none HAP 68 97
T20 HAP 68 i
R«Ohioru=L-Nitrophenol none nona 68 K I
T=20 none 68 9 :
none HAP 68 n
T«20 HAP 68 3
2,7,2-Trifluorecothanol T=20 nole b} 7
Te20 HAP 3 81
Te20 nony 7 68
Ted0 HAP 72 76

le  Propelisnty

Propellante oontuining HAP ne an oxidiser were prepared with
various ratios of Carwinate 125M (a low nelting solid diiscoyanate) and L3246
at an B2% wsclids and A3% plustiioiser level in order to obtain ouring and
ountabillity data, All the mixes were dry and none oured after L days at
LOTU. A bwboh with only K-2L6 am a ouring apent did oure at this temperature
but the castability wus pour, 'The proparties of Lha propellant werae 0,) 40
pely nh, 30 pody ay 0 22X} oy, 1083 K, O pai, Wetting mrente much am leoithin
and N,N«diphenylures did not improve anutuhijity. Purified P-246 wan nsed,
When purified, the functionality of the E~2i4 may not be high anough., Un-
treated B-xh6 will be uned,

K-246 blooked with 2,L-diohloropnuno) as n ourative pave a
propallant with pood oustability but af'ter 6 dayn at 60°Q, had not oured,

=40)=
----------- Hetrsaine bp ook 2 TOWHIY AEEIVOW R~
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As indioated by model vorpound studles the interfarsnos of HAF with the dia-
soolation of the carbamate is the prohishle cnusa for the laok of oure in thim

wmanalVamb

oo wprRa e g

More atudies arw needed, especially with NH_010, to establish
a coatrol {or this type of ouring syatem,

0., TASK r'OlR
3, Introduotion

Task Four involves the aging of propellants prepared under
Tesks O anu Two,. It further includes the teating at 3S50'F for melected
Task Qve propellants and the temperature oyuiing of propellants made with a
CTI raplacemant,

2. nventionsl Propelianty
Tha tﬁu of oonventional propsliants has been stopped
.

because no fuvdher upeful information was haing generated, New propellants
will be plaved in sging as they are prepared,

)y Advapeed Procellanue

The advanced propellant aamples have been atored at 80%)
over Drierite (O8 relative humidity) and at JOR relative humidity for up to
A monthe, Table XVI{,

2akdr XVIJ
ADING OF TELAEN 8 FROPELLANTS CONTAININO ADVANOED FUELA

a ‘.ox‘.‘. -——-.M“-LMA-——

(N % )

Yo U
L2 ik (] 4] 70
IMH ) 8 LA %9 57

The proronmbl exnhibit livtle change in Shore A hardnesa,
The LMH oontaining propellunte show & slightly larger inoreass in havdnesws
than the Be propellant,
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The study of saturated pngolymn A propellant Linder ingredients vas
suntered prodominantly on partially (90+808) satureted prepolymre, The #ruauy
saturated r.ro&nnmu showed a Shreefold improvement of prorruu ne «78%F, The
type of orosslinker, OYI, GTRO, or LHT=LU, did nobv affeot the properties in a
major fushion, The study of the INT«RLO whioh improved thu low tcmrrn\m pros

vties af partially scturated propeillants made on an IAMD progream is oontinuing,

sause more amphasis vas being placed on partially saturated pmpelymere 3“. oxl«
dative surface hardaning of binders made *ath saturated, partially ubun‘i ) and
wiseturated prepolymars was investigated, 'l'he uwuhé biriers showed no surface
hardening after olsht weeks at 000, Initially, the partially waturated binder
handened more rapidly than the unsaturateil one, but the dirferdnoe Jdworeased with
tiines  After eight weeke the wisaturated Linder was hurdaning mere rapidly, Pro«
pellant stability was ygreatly 1m§rwud by & nopper (I1) additive and the mmmq
of isooyunata=oursd propsilants for very high temmrature use was demanatrated,

The use of blooked isocoyanates am oure agents for projellants with adyanoad
axidinary was studied in nodel syatems, OGarbamates whioh dlesooiate at 60%0 to
produce imovyanate were testad in the prevance of oxidiwers, Tin ocatalysts help
and oxidisars inhibit the oure reaotion, Carbumates with disecoiation Lamperatires

of JO° tou ') are desirable,
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